Solid propellant Base bleed unit is one of the effective methods to increase the range of artillery projectiles. As far as we search, no published study focuses on the optimal dimensions of the base bleed grain. However, few studies focus on the effect of base bleed grain parameters on its ballistic performance in which each parameter was studied separately.
Introduction
Long range is the significant requirement for the developers of new ammunition. Base drag reduction is one of the main concerns to increase the range since it represents more than 50% of the total drag affecting the projectile at transonic and supersonic speeds [1] . Base bleeding is an effective means to cope base drag via injecting hot burnt gases behind the projectile base. These gases raise the wake region pressure causing base drag reduction.
The effect of base bleeding is characterized by dimensionless injection parameter "I" [2] [3] [4] [5] .
Experimental work done by (Davenas) [6] showed that the optimum injection parameter, I op for base bleed projectile is approximately 0.005 and is calculated according to the following equation [6, 7] : (1) where is the mass flow rate of burnt gases through the base bleed nozzle and is the upstream mass flow rate of air past the projectile base which can be determined using the following equation [7] : ,
where , are the free stream density and velocity, respectively, A b is the area of the boattail base. The mass flow rate ( ) is a function of the burning rate of base bleed grain composition and the exposed instantaneous grain surface (A bb ). ,
where  bb and U are the density and burning rate of the base bleed grain composition, respectively. The grain burning rate can be calculated according to the following equation [7, 8] :
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where k is the spin rate factor, U o is the grain burning rate at atmospheric pressure, P ch is the pressure of the base bleed unit chamber and is the pressure exponent.
Based on the value of mass flow rate of the bleeded gases [5] as shown in Figure ( S. Jaramaz et. al [7] introduced mathematical model that calculates the ballistic performance of base bleed grain. They used it to study the effect of some of the grain parameters on range such as number of segments, burning rate, inner diameter, grain length and base bleed unit orifice. The study was performed in case of 3 and 6 segment grain. They outlined that both the grain length and burn rate have the most important parameters. However they performed the study for each parameter individually without subjecting the results to optimization technique and they excluded grain outer diameter. Also they did not introduce explanations for these outcomes.
Paper: ASAT-16-171-AE H. Ali et. al. [9] used a validated mathematical model [8] that has been established based on the model introduced by S. Jaramaz et. al [7] to study the effect of different parameters of projectile 155mm K307 with base bleed. The base bleed grain is slotted tubular in shape with 2 slots. They included the above mentioned base bleed grain parameters besides the study of the effect of grain outer diameter. They redressed the shortage S. Jaramaz et. al [7] by introducing an explanation for each outcome in conjunction with the time history change of different burnt area of base bleed grain (cylindrical -slots -total), injection parameter and the ballistic parameters of the projectile during base bleed burning. The deeper understand of the results lead to introduce two new techniques to control mass flow rate that ensure the generation of optimum injection parameter; deformable exit diameter, dual-burn base bleed grain. However the results, the study suffered like the previous by not including optimization of the different parameters. Design optimization based on finite element model or computational fluid dynamics is computationally very expensive and may not render accurate optimum results due to the noisy nature of the finite element response. Here, design of experiment (DOE) and the response surface method (RSM) have been utilized to develop a smooth response function (Range of the Shell). DOE has been used to find the best possible combinations of the assigned design variables which cover all the design space. Then using the finite element model, the maximum range has been calculated for each combination to complete the DOE matrix. Later, the Response Surface Method (RSM) has been used to illustrate response surface with the different design variables using a fully quadratic polynomial equation. Finally, the developed objective function has been minimized using first Genetic Algorithm to find the near global optimum solution.
The present study is applied to a base bleed projectile model K307 launched with muzzle velocity 910 m/s at angle of fire 51.2 which corresponds to the maximum range. Base bleed et. al. [8] . This configuration introduces burnt area of an inner cylinder and four flat slots
surfaces. An optimization technique will be used to study the effect of different parameters of the grain including outer radius, R max , inner radius, R in, grain length, L, base bleed unit exit diameter, D exit, burn rate, BR 1 , and number of slots N s .
For the new multi-burn rates grain, two parameters will be added; the higher burn rate, BR 2 and grain length ratio L % which describes the length of the part with the higher burn rate with respect to grain length. The threshold of the optimization is to achieve maximum range that will be calculated via the already validated C++ model [8] . Different cases of parameters combination will be studied and the outputs will be represented.
Base bleed design variables
In this study, a semi-analytical model compiled with C++ [8] is fed by the values of base bleed grain variables. The number of variables changes according to each studying case. For each variable, its value changes within a suggested range. Table 1 The results of the model [9] and refs. [11, 12] Different techniques were implemented to control mass flow rate to achieve these conditions such as the change of burn rate, change the base bleed grain configuration and increase the number of slots. The increase of number of slots leads to increase in the burnt area and consequently generates higher injection parameter in the required zone.
In the new introduced technique, the multi-burn rates grain consists of two horizontal parts, the first is manufactured with original burn rate, BR1 which varies from 0.9 up to 1.3 mm/s. the second part is manufactured with higher burn rate, BR2 that varies from 1.7 up to 2.5 mm/s and its length is determined by grain length ratio, L % . This ratio varies from 0.1 up to 0.5 with respect to the total length of the grain length, L. The burn rate of BR2 provides higher mass flow rate which is required in the first 10 seconds while the BR1 ensures long burn time up to half of the projectile time of flight.
Case studies for the original base bleed grain
Different cases were studied; the first case is to study the effect of the change of Ns while keeping the other parameters constant and equal to the parameters of the original grain of the projectile K307. In the presiding cases the variable studied parameters are applied gradually up to case #4 in which it includes all the parameters; outer grain radius, inner radius, exit diameter, burn rate,. The studies were performed in case of different numbers of slots varies from 2 up to 4. Table 1 shows the cases, the studied variables and the range of each case.
It has been shown in Table 1 that the design variables ranges from (1) variable in case #2 up to (5) in the last case.
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In case of multi-burn rates base bleed grain, the previously studied cases are also studied including the effect of L % and BR 2 . In the presiding cases the variable studied parameters are applied gradually while keeping the other parameters constant and equal to the parameters of the original grain of the projectile K307 up to case #4 in which it includes all the parameters.
The studies were performed in case of different numbers of slots varies from 2 up to 4. Table   2 shows the cases, the studied variables and the range of each one. Paper: ASAT-16-171-AE It has been shown in Table 2 that the design variables are the first case is (2) and in the last case are (7).
Design Optimization Formulation
In the optimization problem, design requirements or objectives are identified as maximization of range of the projectile K307. The total design variables have been considered to be R max , R in , L, D exit , BR1, L% and BR2. Also constraints in the form of upper and lower limits have introduced as shown in tables 1, 2.
Derivation of Objective Functions
The C++ model [8] was used to evaluate accurately the range of the shell and consequently the established objective functions for each combination of the different design variable. As mentioned before, the established objective is maximization of the range of the shell within the boundaries of the prementioned design variables. To formulate the design optimization problems, one may combine the C++ model with optimization algorithms, however this would be computationally very expensive due to the iterative nature of the optimization problem in which at each iteration the objective functions may be evaluated (running the C++ model) several times. Besides, the optimal results may not be accurate due to the possible noisy nature of the output response and also difficulty to establish the derivative of the objective functions required for higher order optimization algorithms.
Considering the above, in this study design of experiment (DOE) and response surface method (RSM) combined with the C++ model are effectively used to derive desired objective functions which will be directly related to the design variables for each combination. DOE has been used to identify the best location of design variables (design points) to accurately map the given design space for each combination of different design variables. Once the DOE matrix has been established, the maximum values of the response (Range of the shell) have been calculated using the C++ model for each row (design point) in the DOE matrix. Then, RSM based on fully quadratic response function has been used to relate the variations of range of the shell with respect to different design variables for each combination. Finally, these response functions have been effectively utilized as objective functions in the design optimization problems. In the following, brief discussion regarding DOE and RSM to derive DOE matrices and response surfaces are presented, respectively.
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Design of Experiment matrices
Design of Experiments, DOE, is a tactic to develop an experimentation strategy that maximizes learning using a minimum of resources. In many applications, the scientist is constrained by resources and time, to investigate the numerous factors that affect these complex processes using trial and error methods. Instead, (DOE) is an influential tool that permits for multiple input factors to be manipulated determining their effect on a desired output (response). By manipulating multiple inputs at the same time, DOE can recognize important interactions that may be missed when experimenting with one factor at a time. All possible combinations can be investigated (full factorial) or only a portion of the possible combinations (fractional factorial) [13] .
In this study, central composite design with enhanced template technique has been used which gives 2*(2*K+2
) factorials plus the central point with the total of 29 different combinations where, k is the number of the design variables and f is the fractional number which depends on the value of k (f= 0.0 for k < 5 and f = 1 for k = 6, 7) [13] . Table 3 shows the DOE Matrix for the original base bleed case study #3, PBB3 after finding the corresponding range of the shell using the code C++. In which, it has (3) variables as described in Table 1 .Optimization Techniques.
The developed approximate response surface functions can now be effectively used in the design optimization problems which aim at finding optimum design variables to satisfy the Maximum Range of the shell.
In this work, Genetic Algorithm (GA) [18] has been employed to accurately capture the optimal configurations for each combination. It is important to mention that the GA has been conducted using the ANSYS 14.5 optimization Design Exploration toolbox. 
RESULTS and DISCUSSIONS
In the following, the results of optimization technique for each case study mentioned in Tables (1, 2 ) have been introduced. It includes; the optimized design variables with its corresponding predicted maximum range, X op for three candidate points. The C++ code [8] will be fed by these values and the output range, X anlt will be compared with X op . The relative difference between the two values of range for the same design variables at each candidate point will be calculated as shown in equation (7):
Paper: ASAT-16-171-AE Eqn. (8) has been used to calculate difference in percentage of range increase between the new idea MBB and the original base bleed projectile P-BB:
where, and are the maximum range when feeding the C++ code with the corresponding candidate points in case of the new multi-burn base bleed, MBB and the original base bleed, PBB, respectively. is the analytical predicted range of the projectile with inert base bleed [8] .
Also, the results will include samples of optimization outputs such as local sensitivity and response surface for selected cases and outputs from C++ code. The cases of the original base bleed grain, PBB In the first case, all the parameters are constant and equal to the values of K307 projectile grain and just showing the change of range with N s . In the second and third cases, it has been observed that the optimized values of BR1 tend to be close to the upper limit as BR1 is the only source of mass flow rate. however, in the last case the optimized values of BR1 tend to be close to the lower limits because in this case the design variables includes R max and L which can be considered as the main source of mass flow rate. For cases (2, 3 and 4) it appears that the lower value of R in is optimal value. Meanwhile, higher values of D exit are required for longer range to allow the high mass flow rate to flow with reasonable injection parameter [9, 12] . The maximum difference between , and is found in the case PBB 4 in which the number of design variables is the maximum.
Paper: ASAT-16-171-AE To increase the accuracy in the case PBB 4, the upper and the lower limits of the variables have been reduced and then being optimized again. Table 5 shows the new reduced upper and lower limits for the design variables which in such case
Paper: ASAT-16-171-AE Table 6 shows the results after performing the above mentioned limits. It can be seen that the error have has been reduced significantly and the values of X anlt has been used in the next comparisons. For all values of Ns, the range is longer in case of PBB 2 in which BR1 is the only optimized variable and its value is higher than the original burn rate of the projectile grain (see Table 4 ). Figure 4 shows the predicted change of injection parameter with burn time in the above mentioned cases. For all values of Ns, Burn time of optimized base bleed grain, PBB 2 is less than the corresponding time of PBB 1. This is related to the higher value of BR1 in case of PBB 2 (see Table 4 ) where as BR1 in the case PBB 1 is 1.1 mm/s. Another result of the Paper: ASAT-16-171-AE higher BR1 is the higher injection parameter in most of burn time. Despite the decrease in burn time, the high injection parameter in the first seconds of burn time compensates the negative effect of burn time reduction and so the range increases. decreases with the increase of Ns as it can be seen in Table 3 . The increase of Ns is considered one of the main mechanisms to increases mass flow rate and consequently the optimized value of BR1 is reduced with the increase of Ns for the same exit diameter, D exit [9] . 
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The cases of the multi-burn base bleed grain However the error level with respect to PBB 4 R errors was satisfactory. Table 8 shows the comparison between the maximum values of X anlt for each case for PBB and its corresponding value for MBB. As shown for all cases, the range increases when using multi-burn base bleed grain (MBB) compared with the corresponding range of original base bleed grain (PBB).
The percentage of range increase is maximum in case MBB4 when N s = 2 and equals to 15 %.
With the increase of the number of slots, the gain in the range by applying the multi burn grain decreases as seen for all cases. This may be justified by that, two ways to re-configure the grain to increase the range (increase the N s and multi-burn base bleed grain) are applied in the same time leads to increase in the injection parameter more than required and a reduction in burn time and hence reduces the efficiency of base bleed. Table 9 shows the effect of Ns for both configurations (PBB -MBB); it is clear that the range increase with the increase of number of slots for both cases. However the percentage is less in case of MBB because of the already achieved gain in range by the use of MBB. Table 10 shows that the range increases for cases (2, 3 and 4) with respect to case # 1 for both PBB and MBB in case of different Ns. With the incorporation of more design variables in the study, the percentage of range increase gets higher. The highest percentage occurs in case #4 in which all the parameters of base bleed grain are included in optimization formulation.
Paper: ASAT-16-171-AE The benefit of base bleed on Mach number of the projectile when using multi-burn for Ns = 2 is shown in Fig. 9 . Paper: ASAT-16-171-AE The benefit of base bleed on Mach number of the projectile when using multi-burn for the case MBB 4 and Ns = 4 is shown in Figure 12 . 48mm for all Limits cases. The range is higher for all BR1 with the increase of the limits of both BR2 and L% from low to medium but it decreases when the limits go to the upper limits.
The justification of this could be as follows; in case of low limits, it requires higher value of BR1 to get optimum injection parameter. For the D exit = 48 mm, the accumulation of the pressure inside the base bleed chamber is less than in case of D exit = 40 mm leading to reduction in mass flow rate [9] and consequently higher BR1
Paper: ASAT-16-171-AE is required to get near to optimum injection parameter. With the increase in the limits from low to medium, injection parameter get closer to the optimum value but when it reaches the upper limits, injection parameter exceeds optimum value leading to reduction in base bleed efficiency. Also, with the increase in the limits of both BR2 and L% more mass flow rate is generated and larger D exit is preferred [9] .
Conclusion
 It's found that after optimization of all parameters the lower value of R in is preferred. 
